**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live'' 



IS 3646-3 (1968) : Code of practice for interior 
illumination^ Part 3: Calculation of coefficients of 
utilization by the BZ method [ETD 24: Illumination 
Engineering and Luminaries] 




Jawaharlal Nehru 
'Step Out From the Old to the New" 



aj^&vf ijii^s^yiis^ i s:>&^ nT¥seg 



:<>5&i| mT'5K^5?::5:^>^i»l 



K^^^iXSVCd^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
''Knowledge is such a treasure which cannot be stolen" 




^'^^^r 



k 




BLANK PAGE 



^*-^^^ 





PROTECTED BY COPYRIGHT 



IS : 3646 ( Part III ) - 1968 

Indian Standard < ^^^^^'^"^^' ^''' 

CODE OF PRACTICE FOR 
INTERIOR ILLUMINATION 

PART III CALCULATION OF COEFFICIENTS OF 
UTILIZATION BY THE BZ METHOD 

( Sixth Reprint JANUARY 1997 ) 



UDC 628.972.001.3 



© Copyright 1969 
BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN. 9 BAHADUR SHAH ZAFAR MARO 
NEW DELHI 110002 

Gr 10 June 1969 



IS:3646(Partin)-1968 

Indian Standard 

CODE OF PRACTICE FOR 
INTERIOR ILLUMINATION 

PART III CALCULATION OF COEFFICIENTS OF 
UTILIZATION BY THE BZ METHOD 

Illuminating Engineering Sectional Committee, ETDG 45 

Chairman Representing 

Shbi N. B. Satarawai-a Railway Board, Ministry of Railways 

Members 
Shri R. R. Anada The Ahmedabad MiUowners' Association, Ahmedabad 

Dr G. M. Badami Central Mining Research Station ( CSIR ), Dhanbad 

Sqn Ldb H. S. Bhatia Directorate of Technical Development & Production 

( Air ) ( Ministry of Defence ) , New Delhi 
Shri N. C. Guha ( Alternate ) 
Skbi S. K. Bhattacharya Central Public Works Department, New Delhi 

Surveyor of Works I 
( Elect ) ( Alternate ) 
Shrt p. Bose Eastern Regional Electrical Contractors' Association 

( India ) Ltd, Calcutta 
Shri L. N. Mathur ( Alternate ) 
Shbi B. Cunningham The General Electric Co of India Private Ltd, Calcutta 

Shri D. K. Das ( Alternate ) 
Shri D. S. Doshi Bajaj Electricals Ltd, Bombay 

Shri S. U. fltHojWANi ( Alternate)' 
Shri T. S. Git.l Central Public Works Department ( Architect Wing), 

New Delhi 

Srri M. p. Gupta Philips India Ltd, Calcutta 

Shri P. N. SrInivaSan (Alternate) 
Shri H. N. Jaqtiani Directorate General Factory Advice Service & Labour 

Institutes ( Ministry of Labour Employment & 
Rehabilitation ) 
Shri D. M. Jamindar The Bombay Electric Supply & Transport Undertaking, 

Bombay 
Shri H. B. Naik ( Alternate ) 
Shri A. Mitra Directorate General of Stipplies & Disposals, New Delhi 

Shri J. N. Vaz ( AiUrnate ) 
Shri B. K. Mukherjee National Test House, Calcutta 

Shri T. K. Kundu {.AUernatt ) 
Shri J. R. Nahar The Premier Lighting Industries Private Ltd, Bombay 

Shri Jayant R. Pari Hindco Lighting Industries Ltd, Bombay 

( Continued on page 2 ) 

BURiEAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 



IS : 3046 (Part m)- 1968 

( Continued from page 1 ) 

Members Representing 

Shki S. S. Raghavan Engmcer-in-Chief*s Branch, Army Headgvartrrs, 

New Delhi 
Shki K. S. Sarma National Physical Laboratory ( CSIR ), New Delhi 

Shbi S. Sek Bharat Electrical Industries Ltd, Calcutta 

Shbi H. Sinha ( Alternnte ) 
Shbi H. Sikha Illuminating Engineering Society of India, Calcutta 

Shbi K. K, Rohatgi ( Alternate ) 
Sfbi S. p. Talwar Crompton Greaves Ltd, Bonnbay 

Shbi HabbaJan Stnoh ( Alternate ) 
Shbi Y. S. Venkateswaran, Director General, ISI ( Ex-ojfifio Member) 

Director ( Elec tech ) 

Secretary 

Shbi T. Rajaraman 

Deputy Director ( Elec tech ), ISI 



IS:3646 (Part III). 1968 

Indian Standard 

CODE OF PRACTICE FOR 
INTERIOR ILLUMINATION 

PART III CALCULATION OF COEFFICIENTS OF 
UTILIZATION BY THE BZ METHOD 

0. FOREWORD 

OJ This Indian Standard (Part III ) was adopted by the Indian Standards 
Institution on 3 December 1968, after the draft finalized by the Illumi- 
nating Engineering Sectional Committee had been approved by the 
Electrotechnical Division Council. 

0,2 A series of standards on interior illumination is being drawn up and 
this is the third in the series. This part covers the calculation of coeffi- 
cients of utilization based on BZ Classification. Part I of this standard 
covers the principles of good lighting and aspects of design and Part II 
deals with the schedule for values of illumination and glare index, 

0.3 This new method for calculating coefficients of utilization known as 
British Zonal Method is based on a system of classifying the downward 
light distribution from lighting fittings known as BZ Classification. The 
basis for the new British Zonal Method is the Jones and Neidhart Method 
of computing coefficients of utilization published in America in 1951. 
The advantages claimed for this method are that they give more accu- 
rate designed data, that they are more comprehensive, are produced on a 
more logical basis and are consistent so that accurate interpolation can be 
made. 

0.4 The coefficients of utilization are derived by applying data calculated 
from the light distribution curve of the fitting to the tabulated data given 
in this standard. Two procedures are given. 

0.4.1 The first is the full British Zonal Method which enables coefficients 
of utilization to be calculated precisely for any symmetrical light of distri- 
bution. It is more applicable to the specialized in the photometric 
laboratory than to practising lighting engineer who will usually rely on the 
specialist to give him the information he requires. 

0.4.2 The second is the simplified British Zonal Classified Method. 
This relies on the manufacturer providing basic data for his fitting. If 
this information ( BZ classification and upward and downward light out 



lS:3646(PartIU)-1968 

put ratios ) is available the coefficients of utilization for particular installa- 
tion can be calculated by the lighting engineer quickly and simply. The 
result is not as precise as that given by the full method but it is amply 
accurate enough for most commercial purposes. 

0.5 In preparing this standard, assistance has been derived from I.E.S. 
Technical Report No. 2. The calculation of Coefficients of Utilization, 
The British Zonal Method published by the Illuminating Engineering 
Society, London. 

0.6 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test, shall be rounded off in accordance with IS : 2-1960*. 
The number of significant places retained in the rounded off value should 
be the same as that of the specified value in this standard. 



1. SCOPE 

1.1 This standard ( Part III ) covers the calculation of coefficients of utiliza- 
tion based on BZ Classification. 

2. TERMINOLOGY 

2.0 For the purpose of this standard; the following definitions, and defini- 
tions given in IS: 1885 (Part X\T/sec 2)-1968t shall apply. 

2.1 Downward Light Output Ratio (Abbreviation DLOR, Symbol 

n") — The ratio of the downward flux emitted from the fittings to the 
total lamp flux. 

2.2 Upward Light Output Ratio ( Abbreviation ULOR, Symbol n' ) — 

The ratio of the upward flux emitted from the fittings to the total lamp 
flux. 

23 Direct Ratio (Abbreviation DR, Symbol ^) — The proportion of 
the total downward flux from a conventional installation of lighting fittings 
which is directly incident on the working plane. 

2.4 Lower Flux Utilance (Abbreviation LFU, Symbol /a")— The 
proportion of the total downward flux from the fittings which reaches the 
working plane, some directly and some after inter-reflection. 

2.5 Upper Flux Utilance (Abbreviation UFU, Symbol /t') — The 
proportion of the total upward flux from the fittings which reaches the 
working plane, after inter-reflection. 

•Rules for rounding off numerical values ( revised). 

tElectrotechnical vocabulary: Part XVI Lighting, Section 2 General illumination, 
lighting fittings and light for traffic and signalling. 



IS : 3646 (Part UI)- 1968 

2.6 Downward Coefficient ( Abbreviation DC ) — The ratio of that part 
of the downward flux from the fittings which reaches the working plane, 
some directly and some after inter-reflection, to the total flux from the 
lamps. 

2.7 Upward Coefficient ( Abbreviation UC ) — The ratio of that part of 
the upward flux from the fittings which reaches the working plane after 
inter-reflection, to the total flux from the lamps, 

2.8 Coefficient of Utilization (Abbreviation CU)— The ratio of the 
total flux which reaches the working plane to the total lamp flux. 

2.9 Utilance (Abbreviation and Symbol U)—The ratio of the total 
flux which reaches the working plane to the total flux emitted from the 
fittings. 

2.10 Mounting Height ( Symbol ^m ) — The height of the fittings above 
the working plane. 

2.11 Suspension Length ( Syn&bol H* ) — The height of the ceiling above 
the fittings. 

2.12 Spacing (Syntbol S) — The distance between rows of fittings in 
square arrangement, 

2.13 Room Index (Abbreviation RI, Symbol A>) — An index relating 
to the shape of a rectangular interior, according to the formula: 

where L and W are the length and width respectively of the interior, 
and //m is the mounting height. 

2.14 Cavity Index (Abbreviation CI, Symbol K) — An index relating 
to the shape of the interior above the level of the lighting fittings, according 
to the formula: 

_ L.W _ H„, 

for regular rectangular rooms. 

SECTION I GENERAL METHOD OF CALCULATION 
3. BZ METHOD 

3.1 Basis of the BZ Method — The BZ method can be stated by the 
equation: 

CU = u\n'' + u'.n' 

or in abbreviations rather than symbols: 
CU-DC f UC 

== LFU X DLOR + UFU x ULOR 

The downward and upward light output ratios are obtained from 
the photometric data for the fitting. The values of the lower 
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flux utilance are read from Tables 1 to 4 according to the 
values of the direct ratio (see 3,2), room index and the 
reflection properties of the room surfaces. The values of the 
upper flux utilance are read from Table 5 according to the 
values of the room index and the reflection properties of the 
room surfaces. 

3.2 Calculation of Direct Ratio — For any given fitting and spacing or 
height ratio, the direct ratio depends only on the shape of the polar curve 
in the lower hemisphere and on the room index of the interior in which the 
fittings are installed. 

Direct ratios are obtained for each room index by a calculation using 
zonal multipliers, very similar to the zone factors which are traditionally 
used for calculating the total flux represented by a polar curve. The 
derivation of the zonal multipliers tabulated in Tabie 6 is as follows; 

a) As a convention, a regular square arrangement of fittings is 
assumed, at a uniform spacing/mounting height ratio and at one- 
half of the normal spacing from each of the walls of a square room 
of given room index. 

b) For each fitting location, the proportion of the flux in each W deg 
zone in the lower hemisphere which is directly incident on the 
working plane was calculated and the results were averaged for 
each zone. These average figures are the zonal multipliers. 

c) The calculation was repeated for a range of room indices from 0*6 
to 5*0 at each of a range of .9 //^i ratios from 0*5 to 1*5 and the 
results are given in Table 6, 

The zonal multipliers have thus been derived mathematically and are 
dependent only on the geometry of the room and the layout of the fittings. 

The calculation of the direct ratio is the only detailed task in the 
application of the British Zonal Method or in the determination of BZ 
Classification for the BZ Classified Method. It is convenient to use a 
work sheet as given in Table 7. For each 10 deg zone in the lower 
hemisphere, the product of the actual flux from the fitting in that zone and 
corresponding zonal multiplier is calculated and these products are added; 
the sum gives the total flux from the fitting which is directly incident on 
the working plane. This sum, divided by the total downward flux from 
the fitting gives the direct ratio for the particular room index and SjHjn 
ratio. An example is given in 6.1. 

Zonal multipliers m_ay be used for linear sources, sue li as fittings with 
tubular fluorescent lamps, provided that the polar curve used is the true 
mean distribution. 
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2 


2 


3 


3 


4 




70 




•45 


■55 


•65 


•75 


•84 


•94 


1-04 


3 


3 


4 


5 


ti 


7 


7 


3-0 


50 




•45 


•54 


•64 


'74 


•83 


•93 


1-03 


2 


3 


3 


3 


4 


5 


5 




^0 




•43 


•53 


•63 


•73 


•82 


■92 


1-02 


f 


2 


2 


3 


3 


4 


5 




70 






•55 


•65 


•75 


■85 


•95 


104 




5 


(> 


7 


7 


8 


10 


4-0 


50 






•54 


•64 


•74 


•84 


■93 


P03 




3 


4 


4 


5 


6 


7 




30 






■53 


•63 


■73 


•83 


■92 


]^02 




2 


3 


3 


4 


5 


6 




70 






■56 


•66 


•76 


•85 


•95 


1^05 




5 


i> 


7 


9 


10 


1! 


5-0 


50 






54 


•64 


■74 


■84 


•94 


1 ^03 




4 


5 


5 


6 


6 


8 




30 






■53 


•63 


•73 


•83 


■92 


i-02 




3 


3 


4 


5 


6 


7 



TABLE 4 LOWER FLUX UTILANCE: WALL REFLECTION FACTOR PERCENT 

( Clause 3,1 ) 



Room 

Index 
(<-r) 



Effec- 
tive 
Ceiling 
Refi.ec- 

TION 

Factor 
Pekcent 



Direct Ratio 



DlUKCT RATIO 



1-0 



•7 



•9 1-0 



Lower Flux Utilance for 10 Percent Reflection 
Factor of Floor or Working Plane 



Additive Correction to LFU for 30 Percent 
Reflection Factor of Floor or Working Plane 



0-6 




•11 -21 -31 -41 -50 -60 -70 -80 -90 1-00 00 00 000 
•10 -20 -30 -40 -50 •eO -70 *80 -90 1*00 
■10 -20 -30 -40 -30 -60 -70 *80 -90 TOO i 



i 70 I -11 ^21 -31 -41 -50 '61 

0*8 50 1 -10 ^20 -30 -40 -50 -60 

30 -10 -20 -30 -40 •oO -60 



71 


•80 


•90 


1-01 























1 


1 


1 


70 


-80 


•90 


1-00 
































70 


•80 


•90 


1^00 

































i 


70 


-22 


•31 


•41 


•51 


-61 


■71 


•81 


•91 


1-01 











1 


1 


1 


1 


1 


1 


1-0 j 


50 


■21 


•31 


•41 


•51 


•61 


•71 


•81 


•91 


l-Ol \. 































30 


•20 


•30 


•40 


•50 


•60 


•70 


•80 


•90 


1-00 1 






























1-25 



70 
50 
30 



22 


-32 


•41 


■51 


•61 


•71 


-81 


•91 


1-01 


21 


•31 


-41 


•51 


•r>i 


■71 


-81 


■91 


101 


20 


•30 


•40 


•50 


•60 


■70 


■80 


■91 


1-01 










1112 

111 

oil 



</i 



03 



*1 



1 


70 


•32 


■41 


•51 


•62 


■72 


•81 


■92 


1^02 ; 











1 


1 


2 2 3 


1-5 


50 


•31 


•41 


•51 


•61 


•71 


•81 


■91 


1^01 ^ 











1 


1 


1 2 2 


1 


30 


•30 


-40 


•50 


■60 


•70 


'81 


•91 


101 [ 

















1 1 1 
( Continued ) 
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TABLE 4 LOWER FLUX UTILANGE: WALL REFLECTION FACTOR PERCENT — Conid 



CA 





Effec- 
tive 
Ceiling 
Reflec- 
tion 
Factor 
Percent 


Direct Ratio 


Direct Ratio 


Room 
Imdex 


•1 -2 -3 -4 -5 6 -7 


•8 -9 


10 


•1 -2 3 -4 -5 -6 -7 -8 


•9 1-0 




Lower Flux Utilance for 10 Percent Reflection 
Factor of Floor or Working Plane 


Additive Correction to LFU for 30 Percent 
Reflection Factor of Floor or Working Plane 


2-0 


70 
50 
30 


•32 -42 *52 -62 -72 
31 -41 -51 -61 -71 
'30 -40 -50 -60 -70 


•81 -92 
-81 '91 
•81 -91 


1-02 
1-01 
I -01 


12 3 
12 3 
1 1 


3 4 
3 4 

2 3 


2*5 


70 
50 
30 


-32 -42 -52 -62 -72 
-31 -41 -51 -61 -71 
-30 -40 -51 -61 -71 


•82 -92 
■82 -92 
•81 -91 


102 
102 
1-01 


112 3 4 
112 3 3 
12 2 


5 6 
3 4 
2 3 


3-0 


70 
50 
30 


•42 -52 -63 -73 
-41 -51 -62 -72 
•40 -51 -61 -71 


•82 -93 
•82 -92 
•81 '92 


1-04 
1-02 
1-02 


12 2 3 5 
12 2 3 4 

12 2 


5 7 
4 5 
3 4 


40 


70 
50 
30 


-53 -63 -73 

•51 -62 -72 

•51 •ei -71 


•83 -94 
•83 -93 
•82 -92 


1-04 
1-03 
1-02 


2 3 4 5 
2 3 4 4 
112 3 


6 7 
5 6 
4 4 


5-0 


70 
50 
30 


'53 -63 -73 
•51 -62 -72 
•51 -61 -71 


•83 -94 
•83 '93 
•82 -92 


105 
103 
102 


3 4 7 9 
3 3 4 5 
12 3 4 


9 9 
6 7 
4 5 
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TABLE 5 UPPER FLUX UTILANCE 

(Clause 3.1 ) 





Effec- 
tive 
Ceiling 
Reflec- 
tion 
Factor 
Percent 


Reflection Factor o 
10 Percent 


F Floor 

Wall 



Reflection Factor of 
30 Percent 


Floor 


Room 
Index 


Reflection Factor of 
50% 30% 10% 


Reflection Factor of Wall 
50% 30% lOo/o 




Upper Flux IJtilance 


0-6 


70 
50 

30 


■23 -17 -12 
•16 -12 -08 
•09 -07 -05 


•09 
-06 
•04 


•24 -17 -13 
■17 •IS m 
•10 -09 -06 


•10 

•07 
•05 


0-8 


70 
50 
30 


•31 -24 -20 
•22 -17 -13 
•12 -10 -08 


•17 
•12 
•07 


•32 '25 -20 
•23 18 -14 
*13 •U -09 


■17 
'12 
•08 


10 


70 
50 
30 


•37 -30 ^26 
•26 -22 -18 
•14 -12 -10 


•22 
•16 
•09 


•39 31 '26 
•27 '23 -19 
•15 •H ^12 


•23 
•17 
•11 


1-25 


70 
50 

30 


•43 -37 -31 
•30 -26 -22 
•17 14 12 


•28 
•20 
■11 


•46 '38 ^32 
•32 ^27 -24 
•18 15 13 


•29 
•22 
•12 


1-5 


70 

50 
30 


•47 '41 '36 
'33 -29 -26 
•19 -15 -13 


'33 

•24 
•13 


•51 ^43 -38 
•35 -30 '27 
•21 '17 •IS 


-34 
•25 
•14 


2'0 


70 
50 
30 


•53 -48 -44 

. '37 33 -31 

■20 -17 -15 


•41 
•29 
•14 


•58 •SI ^46 
■39 '35 -32 

•22 '19 -17 


•43 
•30 
•16 


2-5 


70 
50 
30 


•57 -53 -49 
•40 -37 -34 
■21 19 -17 


•47 
•33 
•16 


•63 '57 '52 
•42 -39 '36 
'23 -21 '19 


'49 
•34 
•18 


3-0 


70 
30 


'GO -56 '52 
•41 -39 -36 
'22 -20 ^18 


•50 
'35 

•17 


•67 -61 -56 
•45 -41 -39 
•24 ^23 '21 


•54 
•37 
•20 


4-0 


70 
50 
30 


•63 -61 -57 
•44 -42 -39 
■23 -21 ^19 


•56 
•38 
■18 


•71 -67 -62 
•48 -45 -43 
•25 ^24 -22 


•60 
'41 
•21 


5-0 


70 
50 
30 


*66 ^64 '60 
•45 -43 ^42 
•24 -22 '20 


•59 
•41 
•19 


•74 -70 •ee 

•49 -47 -45 
•27 '25 -23 


•65 
•44 
•22 
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TABLE 6 ZONAL MULTIPLIERS 

( Clause 3.2 ) 



Spacing/ 


Angulak 








Room 


Index ( 


k,) 








Height 


Zone 
Deorek 






















Ratio 


























0-6 


0-8 


1-0 


1^25 


1-5 


20 


2-5 


3-0 


4-0 


5-0 




0-10 


1-0 


\-0 


1^0 


1-0 


1-0 


I'O 


10 


\-0 


10 


10 




10-20 


•78 


■84 


•87 


•90 


•91 


•93 


•95 


•96 


•97 


•97 




20-30 


•52 


'63 


•70 


•75 


•79 


•84 


•87 


•90 


•92 


•94 




30-40 


•39 


•53 


•61 


•68 


•73 


•80 


•84 


•86 


•90 


•92 


0-5 


40-50 


•13 


•31 


•43 


•53 


•60 


•69 


•75 


•79 


•84 


•87 




50-60 


— 


•10 


•24 


•36 


•45 


•58 


•65 


•71 


•78 


•82 




60-70 





— 


•02 


•11 


•22 


•38 


•49 


•56 


•67 


•73 




70-80 


— 


— 


- — 


— 


'01 


■06 


•14 


•25 


•40 


-50 




80.90 


— 


— 


— 


— 


, — , 


— ^ 


— 


— 


•01 


•01 




0-10 


10 


1-0 


vo 


1-0 


1-0 


I-O 


10 


\'0 


10 


1-0 




10-20 


10 


10 


10 


1-0 


1^0 


1*0 


1^0 


\'0 


1^0 


!-0 




20-30 


•52 


•63 


•71 


•77 


•81 


•85 


•88 


•90 


•93 


•94 




30-40 





•46 


•56 


•64 


'70 


•77 


•81 


•84 


•88 


•91 


0-75 


40-50 


— 


•37 


•48 


•57 


•64 


•72 


•78 


•81 


•86 


•88 




50-60 


— 


•08 


■23 


•35 


•44 


•56 


•65 


•71 


■77 


•82 




60-70 











•12 


•23 


•39 


•49 


•57 


•67 


•73 




70-80 


— 


— 


— 


— 


•01 


•06 


•14 


•25 


•40 


•50 




80-90 


— 


— 


— 


— 


— 


— 


— 


— 


— 


•02 




0-10 


\'0 


10 


10 


1-0 


1-0 


1-0 


1-0 


1-0 


10 


1-0 




10-20 


1-0 


1*0 


1-0 


10 


1*0 


1-0 


l^O 


1-0 


VO 


i-o 




20-30 


•84 


■88 


•90 


•92 


•94 


•95 


•96 


•97 


•98 


•98 




30-40 


•23 


•41 


•52 


•61 


•68 


•76 


•80 


•84 


•88 


•90 


i'O 


40-50 


— 


*30 


'42 


=52 


•59 


•69 


•75 


•79 


'84 


'87 




50-60 


— 


— 


•26 


•38 


•48 


•60 


•68 


•72 


•79 


•83 




60-70 








•01 


•12 


•22 


•38 


■49 


•56 


•66 


•71 




70-80 


— 


— 


— 


— 


— 


•05 


•15 


•24 


■40 


•50 




80-90 


— 


— 


— 


— 


— 


— 


— 


— 


— 


•01 






















{Continued) 
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TABLE 6 ZONAL MULTIPLIERS — Contd 



Spacing/ 
Height 
Ratio 



Angular 

Zone 
Degree 



Room Inpex ( k^ ) 



0-6 0-8 1-0 1'25 1-5 2-0 2-5 



3-0 4-0 



5*0 





1 

0-10 


1-0 


1-0 


1*0 


1-0 


1^0 


1-0 


1-0 


1-0 


1-0 


1-0 




10-20 


10 


1-0 


1-0 


1*0 


1-0 


1-0 


1^0 


1-0 


1-0 


1-0 




20-30 


1-t) 


10 


1-0 


1-0 


1-0 


ro 


1-0 


1-0 


1-0 


1-0 




30-40 


•41 


•56 


•64 


•72 


•76 


•83 


•87 


•89 


•91 


■93 


1-25 


40-50 


— 


'24 


•35 


•46 


54 


•&& 


•72 


•77 


•82 


86 




50-60 


— 


■16 


•28 


•39 


•47 


•59 


•67 


•72 


•79 


•83 




60-70 











•10 


•19 


•39 


•52 


•58 


•68 


•73 




70-80 


— . 


— 


— 


. 





•05 


•14 


■25 


•40 


•51 




80-90 
0-10 


l-O 


1-0 


1-0 


PO 


1-0 


10 


10 


10 


— 


•01 




10 


1-0 




10-20 


1-0 


1-0 


\'0 


1^0 


\-Q 


1-0 


1-0 


1-0 


ro 


1-0 




20-30 


I-O 


1-0 


1-0 


1-0 


10 


10 


1-0 


10 


1*0 


10 




30-40 


•40 


•85 


•88 


•91 


•92 


•94 


■95 


•96 


•97 


•98 


1-5 


40-50 


— 


•14 


•28 


■46 


•55 


■66 


-72 


•77 


•83 


•86 




50-60 


— 


— 


-22 


•33 


•42 


•55 


•64 


•69 


•76 


•81 




60-70 


__ 


„ 


•05 


•14 


•24 


■40 


•50 


•58 


67 


•73 




70-80 


— 


— 


, — 


— 


— 


•04 


•14 


•25 


•40 


•51 




80-90 


— 


■ — 


— . 


— 


— 


- — 


— 


~ 


— 


•01 
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3.3 Calculation of Room Index — As indicated in 2.13, the room 
index is the ratio which relates the plan dinaensions of the whole room to 
the height between the working plane and the plane of the fittings. 

The formula for room index is restricted to a rectangular room, 
neglecting any small departures from regular shape. 

Room Index {kr) ^ {L+W).Hr. 
where 

L = overall length of room, 
W — overall width of room, and 

Hm == mounting height of fittings above working 
plane. 

3.4 Lower and Upper Flux Utilance for Geiling->Mounted Fittings — 

The values bf the lower flux utilance and upper flux utilance for ceiling- 
mounted fittings can be read directly from Tables 1 to 5 which are based 
on strict mathematical integration of the direct and inter-reflected light for 
a working plane of 10 percent average reflection factor. 

Tables 1 to 4 relate to four different values of the average reflection 
factor of the walls, and in each table the lower flux utilance shall be read 
for the appropriate values of the room index, ceiling reflection factor and 
direct ratio. Correction terms are given for use if the Working plane has 
an effective reflection factor of 30 percent. 

Since the whole of the upward light from ceiling-mounted fittings falls 
on the ceiling, the full range of factors which affect the upper flux utilance 
can be given in a single table (Table 5). 

3.5 Lower and Upper Flux Utilance for Suspended Fittings — Figure 1 
and its caption illustrate the principle adopted in this standard for treating 
the reflection of light from the ceiling. The inter-reflection calculations 
are made only in the space between the working plane and the plane of the 
fittings; the space above the fittings is replaced by an 'equivalent ceiling' 
which has an effective reflection factor less than that of the actual ceiling. 

3.5.1 The Cavity Method— It can be shown that the light lost by 
absorption within the space above the plane of the fittings, known as the 
'ceiling cavity', is the same as that which would be lost on an imaginary 
ceiling at the same height as the fittings when this equivalent ceiling has 
an effective reflection factor given by the following formula: 

/? - ^r/?« 

''^^ AcRa^At{\~-Ra) 

where 

Re = effective reflection factor of the equivalent ceiling, 

Ac = plan area of ceiling, 

Ra = average reflection factor of all the actual surfaces within 

the ceiling cavity, and 
At ~ total area of all surfaces within the ceiling cavity. 
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t:able 7 work sheet for direct ratios 

( Clause 3.2 j 



DESCRIPTION OF FITTING 














SjH^ RATIO 


Zone 
(Deg) 


Photometric Data 


Room Index 


AV 
INT 

(cd) 


Zone 
Factor 


Zonal 
Flux 

(LM) 


0-6 


0-8 


I'O 


1-25 


1-5 2 


2-5 


3 


4 


5 


ZM 


Prod 


ZM 


Prod 


ZM 


Prod 


ZM 


Prod 


ZM 


Prod 


ZM Prod 


ZM 


Prod 


ZM 


Prod 


ZM 


Prod 


ZM 


Prod 


0-10 




•095 








































10-20 




•284 












































20-30 




•463 






































! 






30-40 




•628 












































40-50 




•774 












































50 - 60 




•897 












































60-70 




•993 












































to -80 




1-058 












































80-90 




1-091 












































Total of Products 












































Direct Ratios 










































ZM = Zonal Multiplier. 
Prod == Flux X ZM. 
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CEILING CAVITY- 




y-WO.RKlNG 
PLATE- 






EQUIVALENT 
CEILING 



/ 



-J 



Hm 

P 



-FLOOR CAVITY-/ 
lA Ceiling-Mounted Fittings IB Suspended Fittings 

Fig. 1 The Cavity Methoh 

This formula applied to cavities of any shape or contour if they are 
reasonably uniformly bright and if the span of the cavity does not greatly 
exceed the aperture of the cavity. The average reflection factor ( /?« ) of 
the actual surfaces should be carefully estimated or measured, particullarly 
\i the cavity height is great or the lighting is mainly indirect. 

For the particular case of regular rectangular rooms, the above forrnuia 
can be simplified by using the Cavity Index as foUov/s: 

Cavity Index ( kc) = {lj^w\ H^ ^ — TI7 
Effective reflection factor of 

equivalent ceiling { R. ) = k, + t(t-R,) 

Table 8 gives the effective reflection factor of the equivaiant ceiling 
for a range of values of the cavity index {kc) and of the average reflection 
factor of the cavity surface (iZo). 

The cavity index may also be used to estimate th^ average reflection 
factor of the surfaces within a simple rectangular cavity: 



Ra^ 



kc^2 



where 



Re — is actual reflection factor of ceiling, and 
/Cw — is actual reflection factor of upper walls. 
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3.5.2 Determination of Lower and Upper Flux Utilance — The values of the 
lower flux utilance and upper flux utilance for suspended fittings can be 
read directly from Tables 1 to 5, using the effective reflection factor of the 
equivalent ceiling derived from Table 8. 



TABLE fi EFFECTIVE CEILING REFLECTION FACTOR 



Ceiling 
Cavity 
Ini>t5X 



Average: ReT't.ection Factor of Actuate Cavity Sttrfacb;s 

( Percent ) 

30 40 50 60 70 80 



Effective Reflection Factor of Equivalent Ceiling 
( Percent ) 



1 


13 


18 


25 


33 


44 


57 


2 


18 


25 


33 


43 


54 


67 


3 


20 


29 


37 


47 


58 


71 


4 


22 


31 


40 


50 


61 


73 


5 


23 


32 


42 


52 


62 


74 


6 


24 


33 


43 


5S 


63 


75 


8 


25 


35 


44 


54 


65 


76 


10 


26 


36 


45 


55 


66 


77 


15 


27 


37 


47 


57 


67 


78 


20 


28 


38 


48 


58 


68 


79 



3.6 Calculation of Coefficient of Utilisation — The full procedure of 
thfc BZ Method is as follows: 

a) Calculate the room index {see 3.3) for the particular interior, 

b) Calculate the direct ratio {see 3.2) for this room index from the 
polar curve or flux distribution data for the fitting, using the zonal 
multipliers appropriate to ihe particular SjHfn ratio. A work sheet 
is shown in Table 7. 

c) Calculate the effective reflection factor of the equivalent ceiling 
{Rt) for suspended fittings ( see 3.5.1 ). Data are given in Table 8. 

d) Read the lower flux utilance from the appropriate section of Tables 
1 to 4, using the actual reflection factor of the ceiling for ceiling- 
mounted fittings and the equivalent reflection factor {Re) for 
suspended fittings. 

e) Multiply the lower flux utilance by the downward light output 
ratio of the fitting, to give the downward coeflficient. 
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f) Read the upper flux utilance from Table 5, using the actual 
reflection factor of the ceiling for ceiling-mounted fittings and the 
equivalent reflection factor (Re) for suspended fittings. 

g) Multiply the upper flux utilance by the upward light output ratio 
of the fitting, to give the upward coefficient. 

h) Add the downward and upward coeflScients to give the coefficient 
of utilization. 

4. THE APPLICATION OF THE BZ METHOD 

4.1 Conventions — The zonal data are strictly valid only for fittings with 
a light distribution which is symmetrical or nearly symmetrical about a 
vertical axis and for an installation in which the fittings are equally spread 
along and across the room ( in square arrangement ) with the outer fittings 
spaced away from the walls at one-half of the spacing from fitting to 
fitting. 

Such precise symmetry is unlikely to occur often in practice but small 
deviations from complete symmetry will not seriously affect the accuracy 
of the calculations. 

4.2 Calculation of Effective Spacing/Height Ratio — For general 
lighting layouts with either symmetrical or elongated fittings, the effective 
spacing/height ratio can be obtained on the basis of the floor area for each 
fitting. 



Effective .W. = i-^-4L 

where 

Af = total floor area, and 
jsf _- number of fittings. 

For elongated sources mounted in continuous or nearly continuous 
lines, the effective spacing S can be taken as the distance between the 
lines. 

4.3 Non->Conventionai Arrangement of Fittings — The British Zonal 
data do not apply strictly to the special case of a known layout in which 
the outer fittings are very close to the walls. Nevertheless, -this situation 
is often encountered and the following procedure will give a reasonably 
accurate results: 

a) Calculate the room index ( see 3.3 ) for a room enlarged so that the 
fitting-to-wall spacing is one-half of the fitting-to-fitting spaciiig, 
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b) Calculate the coefficient of utilization of this enlarged room, and 
c) Multiply the value thus obtained by the ratio 

Perimeter of actual room 
Perimeter of enlarged room 

to give the actual coefficient of utilization for the actual installation. 

Alternatively, it may be desired to calculate the lamp flu^t require- 
ments in terms of the actual distance between the fittings themselves rather 
than on the average area per fitting. This can be done, that is, the same 
lamp flux requirement will be obtained, if the coefficient of utilization used 
is the value calculated for the enlarged room, as in above, multiplied 
by the ratio 

Room index of enlarged room 
Room index of actual room. 

». LUMINOUS CEILINGS 

5tl Light Output Ratio of a Luminous Ceiling— The formula for the 
light output ratio of a luminous ceiling, formed by a translucent screen 
across the whole ceiling cavity, is as follows: 

Light output ratio (yj) = ^ _ ^j^^ — 

where 

/= total diffiise transmission factor of the translucent ceiling 
material and its supporting framework; 

yj" = downward light output ratio of the fittings in the cavity; 

Y]' = upward light output ratio of the fittings in the cavity; 

Re = effective reflection factor of the cavity ( Table 9 may be 
used for a simple rectangular cavity, but if the cavity is 
irregular in shape or includes obstructions, the first formula 
in 3,5,1 should be used ); and 

r = total reflection factor of the translucent ceiling material 
and its supporting framework, 

5.2 Utilance for a Luminous Ceiling — The utilance for a uniformly 
diffiising luminous ceiling extending from wall-to-wall can be read from 
Table 9. 

It is necessary to know the value of the effective reflection factor of 
the ceiling as installed and this may be obtained from the formula: 

Effective reflection factor of luminous ceiling =r+ ' * 



l~r.Re 

24 



IS : 3646 (Part ni)- 1969 

5.3 Galculadon of Coefficient of Utilization for a Luminoiis 
Oiling — The procedure is as follows: 

a) Calculate the light output ratio (see 5.1 ), 

h) Calculate the effective reflection factor of the ceiling material 

{see 5.2), 

c) Read the utilance from Table 9, and 

d) Multiply the light output ratio by the utilance to give the 
coefficient of utilization. 

6. EXAMPLES OF THE USE OF THE BZ METHOD 

6.1 Calculation of Direct Ratios — For the mean polar curve shown in 
Fig. 2, the completed work sheet is shown in Table 10. The intensity 
values were inserted in the second column and multiplied by the usual zone 
factors to give the flux in each 10 deg zone, entered in the fourth column. 
The zonal multipliers used in this work sheet are those appropriate to a 
spacing or height ratio of 1*5 which was selected as appropriate to this 
polar curve. , The products of flux and zonal multiplier in each zone were 
added to give the total at the bottom, this process being repeated for each 
of the values of room index. The total of the products corresponds to the 
average flux directly incident on the working plane and the ratio of this to 
the lower hemispherical flux from the fitting ( the total of the fourth 
column ) is the direct ratio, for each value of the room index. 

These values of the direct ratio apply only to the particular spacing/ 
height ratio, in this case 1*5; the direct ratios for other .S///,» ratios within 
the range 0'5 to 1*5 could be calculated in the same way by using the 
appropriate zonal multipliers from Table 6. 

Where the actual SIHm ratio is not known, the calculation should be 
based on that recommended by the manufacturer of the fitting; this applies 
particularly to tables of direct ratio or coeflficient of utilization published 
in catologues and the like. 

6.2 Ceiling-Mounted Fittings — The coefficient of utilization is required 
for a ceiling-mounted installation described by the following data: 

Room size 11-3 x 7'3 x 3'28 m 

Working plane 0*84 m above floor 

Reflection factors: 

Ceiling 50 percent 

Walls 50 percent actual, hut reduced by openings, 

furnishings, etc, to an average of 30 percent 
Working plane 10 percent estimated. 
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TABLE 9 UTILANCE OF WALL-TO-WALL LUMINOUS CEILING 

( Clause 5.2 ) 



Room 
Indkx 



Effec- 
tive 
Refleo 

TION 

Factor of, 

Luminous 

Ceiling 

Percicnt 



REFLKCTIOiN FaCTOH OF Ff.OOR 

10 Pekcent 



Rrft.K( Tlox Factor of Floor 

30 PRRTENT 



Reflection B'actor of Wall 
50% 30% 10% 



Rrflcttion Factor of Wall 
50^^;, 30% \0% 



Utilance 



0-6 



O'R 



1-0 



1-25 



2-5 



3-0 



40 



70 
50 

30 



70 
50 
30 



70 
50 

30 



70 
50 
30 



70 
50 
30 



70 
50 
30 



70 
50 
30 



•3B 

•37 
■36 



•32 
•32 
•31 



•49 
•48 
•47 



■42 
•42 

•41 



•58 
■57 
•56 



■65 

•63 
•61 



•51 
•50 
•49 

•57 
•56 
•56 



•84 

•82 
•80 



■78 
•76 
•75 



■92 
•90 
•88 



•88 
•86 
•84 



•27 
•27 
•27 



•25 
•25 

•25 



•39 
•38 
•37 



•36 
'36 
•36 



•35 
•34 
■34 



■46 

•45 
•44 

•52 
■52 
•51 



■43 
•43 
•42 



•50 
•50 
•49 





70 


'71 


•64 


•58 


•56 


Vb 


50 


•69 


•63 


'58 


•56 




30 


•67 


-62 


•57 


55 




70 


■78 


•72 


•67 


•65 


20 


50 


•76 


•71 


-m 


•64 




30 


•75 


•70 


■65 


■63 



•73 
•72 
•7i 



•71 
•70 
•70 



•84 
•83 

•82 



•82 
•81 
•80 



•51 
•50 
•48 



•61 
■59 

•57 



•69 
•66 
•63 



1-03 
•98 
•95 



•33 
•32 
•31 



•27 
■27 

•27 



•43 
-42 
•41 



•37 
•36 
•36 



•52 
•51 
•50 



-47 
■45 
•44 



■60 
■58 

•57 



'53 
■52 
•51 



■97 
'92 
•89 



•91 
•88 
•86 



•26 
•25 
-25 



•36 
•34 

'34 



'44 
■43 
•43 

•51 
•50 
■,50 



•76 


•67 


•60 


•57 


•73 


•65 


•59 


•56 


•70 


'63 


-58 


•56 


•85 


•77 


-69 


•66 


•82 


•74 


'68 


'65 


•80 


•72 


•66 


•64 


•91 


•84 


•77 


•74 


•88 


•80 


•74 


'72 


•85 


•78 


■72 


•70 



•87 


•82 


•78 


•76 


•96 


•88 


•83 


•79 


'85 


•80 


'77 


•75 


•91 


•84 


•80 


•78 


•84 


-79 


■•76 


•74 


•89 


•83 


•77 


•77 



•87 
•86 
-84 



5-0 



70 
50 
30 



•95 
•93 

•91 



-91 
■89 
•88 



88 


•86 


1'07 


101 


87 


•86 


10! 


■<»6 


86 


-85 


-98 


'93 



-97 
-93 
'91 



•95 
•9? 
•90 
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TABLE 10 EXAMPLE OF GOMPI4ETED WORK SHEET FOR THE POLAR GURV£ GIVEN IN FIG. 2 

{Clause 6.1) 



DF5CRIPTION OF Fli'^llNG 


1 X SOW FLUORESCENT DIRECT/INDIRECT 


SIHm RATIO 


1-5 




Zonk 

(Dcg) 

0-10 
10-20 
20-30 


Photometbic Data 






Room Index 














AV 
INT 

(CD) 

565 
560 
542 


Zone 
Factor 

•095 
•284 
•463 


Zonal 
Flux 

(JM) 

54 
159 

251 


0-6 


0-8 


1-0 1 1-25 

1 


1-5 


2 


2 

ZM 

- 
1 


•5 
Prod 

464 


3 


ZM 

1 


4 
Prod 

464 


ZM 

1 


5 
Prod 

464 


ZM 


Prod 

54 

159 

251 


ZM . 

1 
1 


Prod 

464 


ZM 

1 


Prod 
464 


ZM 

1 
1 


Prod 
464 


ZM 

1 

1 


Prod 
464 


ZM 

1 


Prod 

464 


ZM 

1 


Prod 

464 

316 


1 

1 


1 


1 


1 


1 


1 
I 


1 


1 


1 


1 


1 1 


1 


1 


1 
•96 


30-40 


524 


•628 i 329 


•40 


132 


•85 


280 


•88 


290 


•91 


300 -92 


303. 


•94 


310 


•95 i 


3\3 


•97 


319 


•98 


323 


40-50 


491 


'774 380 


— 


— 


•14 


53 


•28 


116 


•46 


175 \ -55 


209 


•66 


251' -72; 


274 


•77 


293 


•83 


315 


•86 


327 


50-60 


411 


•897 369 


— 


-^ 


[ 


— 


•22 


81 


•33 


125 


•42 


155 


•55 


203 ; -64 


^36 


'69 


254 


•76 


280 


•81 


298 


60-70 


270 


•993 268 


— 


— 




— 


•05 


13 


•14 


37 


•24 


64 


•40 


107 ^50 


134 


'58 


155 


•67 


180 


•73 


196 


70-80 


99 


1058 


105 


— 


— 


— 


— 


— 




— 


— 


— 


— 


•04 


4 


•14 


15 


•25 


26 


•40 


42 


•51 


53 


80-90 


27 


1091 


29 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 






1436 


— 


— 




1600 


•01 



1661 


Total or Pboduots 


1944 


596 


797 


%4 


1101 


1195 


1339 






1508 


DiHKOT Ratios 


0-31 


0-41 


0-50 


0^57 


062 


0-69 0-74 


0-78 


0*82 


©•86 


ZM = Zonal Multiplier. 


Prod - Flux X ZM. 
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30' 15' 15 30 

Fig. 2 Mean Polar Curve of a Fluorescent Lamp Fitting 

Photometric Data 

Polar curve of the same shape as in Fig. 3 

Downward light output ratio 40 percent 

Upward light output ratio 25 percent 

Spacing or height ratio 1 '5 

The calculation is as follow^: 

Mounting height ( //^ ) = 3*28 - 0-84 = 2*44 m 

3-28 X 7-3 



Room index ( Af ) = 



= 1-8 



(3-28 + 7-3) X2-44 
Direct ratio (interpolating in work sheet, Table 10) 

RI = l-8 DR = 0-66 
Lower flux utilance (interpolating in Table 2) 
RI = l-8 DR = 0-66 LFU = 0-73 
Downward coefficient = 0'73 x 0*40 = 0*29 
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Upper flux utilance ( interpolating in Table 5 ) 
RI = l-8 UFU = 0-31 

Upward coefficient = 0*31 X 0*25 = 0-08 

Coefficient of utilization = 0*29 + 0*08 = 0-37 




30 15' 0' 15' 30' 

Fio. 3 Po3LAR Curves in the BZ Classification 
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6*3 Suspended Fittings — -In this example the data are the same as 
in 6.2, except that the room height is 3*89 m and the fittings are suspended 
at 0-61 m from the ceiling. 

Room index (/:r) = 1*8, and direct ratio == 0*66 as before. The 
calculation of the effective reflection factor of the ceiling cavity, above the 
level of the fittings, is as follows: 

Ceihng cavity mdex {kc) = ^ 77-^1 -^ 7*2 

tig U'Di 

Effective reflection factor of equivalent ceiling (interpolating in 
Table 8 for actual RF of 50 percent ) 

CI 7*2 Eff. RF = 44 percent 

Lower flux utilance (interpolating in Table 2 as in 6»4) 

RI =- 1*8 DR = 0*66 Ceiling RF -= 44 percent LFU = 0*72 

Downward coefficient = 0*72 x 0*40 = 0*29 

Upper flux utilance ( interpolating in Table 5 ) 

RI -= 1 -8 Ceiling RF = 44 percent UFU = 0*27 

Upward coefficient ^ 0*27 x 0*25 = 0*07 
Coefficient of utilization = 0*29 + 0*07 = 0*36 

6.4 Interpolation — The foregoing examples show that two-way or three- 
way interpolation will sometimes be necessary, particularly in the lower 
flux utilance Tables 1 to 4 and Tables 12 to 21. The interpolation sheet 
shown in Table 1 1 is recommended for use where estimation by mental 
arithmetic is difficult; a similar sheet may be used for interpolation of the 
initial 'glare index' from Tables I to 6, 8, 9, 12 and 13 of IS : 3646 (Part I)- 
1966*. In Table 1 1 , the sheet has been completed to show the interpolation 
required for the lower flux utilance in the previous example in 6.3. 

The figures entered in this sheet show the interpolation for lower flux 
utilance from Table 2 required for the conditions stated in the example 
in 6.3: 

a) Enter the appropriate values of direct ratio, room index and 
effective ceiling reflection factor in the middle line. 

b) Find the nearest tabulated values of the direct ratio, the room index 
and the ceiling reflection factor and enter them in the first three 
column?. 

c) Enter the values of the lower flux utilance, for each combination 
of the above tabulated values, in the fourth column. 



•Code of practice for interior illumination : Part I. Principles for good lighting and 
aspects of design. 
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d) The first stage of interpolation is between the two ceiling reflection 
factors. 

e) The second stage of interpolation is between the two room indices, 

f) The third stage of interpolation is between the two direct ratios 
and gives the required result. 

7. TABULATED DATA FOR THE BZ METHOD 

7.1 The tables required for calculation of the coefficient of utilization are 
as follows: 

Table 6 Z^nal Multipliers 

To be used for computing the direct ratios from the average polar 
curve, for each room index and for several values of the -S/Z/m ratio. 
The work sheet is shown in Table 7. 

Table 8 Effective Ceiling Reflection Factor 

To be used for computing the effective reflection factor of the 
equivalent ceiling as shown in Fig. 1 . 

Table 1 to 4 Lower Flux Utilance 

To be used for computing the total flux on the working plane from 
the lower hemisphere based on direct flux given by the direct ratio. 

Each table gives data for 1 percent or 30 percent reflection factor 
for the floor or the equivalent working plane, the figures for the 30 
percent condition being given as an additive correction to those for the 
10 percent condition. 

Table 5 Upper Flux Utilance 

To be used for computing the total flux on the working plane from 
the upper hemisphere. 

The data in Tables 1 to 5 apply to ceiling-mounted fittings when 
the actual average reflection factor of the ceiling should be used, and 
to suspended fittings when the effective reflection factor of the ceiling 
cavity should be used. 

Table 9 Utilance ofWall-tO'lVall Luminous Ceilings 

To be used in conjunction with the light output ratio of the ceiling 
installation [see 5.1 ) and its equivalent reflection factor {see 5.2). 
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TABLE 11 INTERPOLATION SHEET FOR TABLES I TO 4 OR 12 TO 21 

(house 6.4) 



Direct 
Ratio 


Room 
Indkx 


ErFEOTIVE 

Ceii^ino RF 
Percent 


LFU 


First 

Stage 


Second 
Stage 


0-6 


1-5 


50 


0*67 




0-667 




30 


0-66 


0-673 




2-0 


50 


0-68 


0-657 


30 


0-67 








0-66 


1-8 


44 






0-7 


1-5 


■ 

50 


0-76 




0757 




30 


0-75 


0-762 




2-0 


50 


0-77 


0*764 


30 


0-75 









Result 



0-72 






r 

a 
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TABLE 12 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 1 

( Clause 6.4 ) 



Room 
Index 



Effec- 
tive 
Ceiling 
Reflec- 
tion 
Factor 
Percent 



Reflection Factor of Floor 
10 Percent 



Reflection Factor of Floor 
30 Percent 



Reflection Factor of W?ll 
50% 300.^ 10% 



Reflection Factor of Wall 
50% 30% 10% 



Lower Flux Utilance 





70 


•63 


•58 


•54 


-53 


•65 


-59 


'54 


-54 


0-6 


50 


-62 


•58 


•54 


•53 


■63 


-59 


•54 


■53 




30 


•62 


-58 


•54 


■53 


-62 


58 


•54 


■53 




70 


-73 


•68 


•64 


-63 


-76 


•69 


•65 


•63 


08 


50 


•72 


•67 


•64 


•62 


•74 


•68 


-64 


■62 




30 


-71 


•67 


63 


■62 


•73 


•68 


•63 


•62 




70 


80 


= 75 


=72 


71 


■84 


78 


=73 


=72 


I'O 


50 


•79 


■75 


■72 


•71 


■82 


•77 


•73 


•71 




30 


-78 


•74 


•71 


•70 


•81 


•75 


•72 


•70 




70 


•85 


•80 


•77 


■76 


■90 


•83 


•79 


•77 


1-25 


50 


•84 


-79 


•77 


-76 


•88 


•82 


•78 


-76 




30 


■83 


■79 


■76 


•75 


•86 


-81 


■77 


'75 




70 


•89 


•85 


•81 


•80 


-95 


■89 


•84 


•82 


1-5 


50 


•88 


•84 


•81 


•80 


•93 


•87 


•83 


•81 




30 


•87 


-83 


*80 


■79 


•91 


•86 


-82 


•80 




70 


•93 


•90 


•87 


-85 


I^Ol 


•95 


-91 


:88 


20 


50 


•92 


•89 


•87 


•85 


•98 


•93 


-89 


-87 




30 


•91 


-88 


■86 


•85 


•96 


■91 


•88 


•86 




70 


-96 


-93 


•90 


•89 


1-06 


1-00 


•96 


■94 


2-5 


50 


■95 


•92 


■90 


•89 


1-02 


•98 


•94 


-92 




30 


•94 


-91 


-89 


-88 


•99 


•94 


•91 


90 




70 


•98 


•95 


-93 


•92 


1-08 


102 


1^00 


•97 


3-0 


50 


•96 


•94 


■92 


■91 


P03 


1-00 


•97 


95 




30 


•95 


•92 


•91 


•91 


roo 


•96 


•94 


•93 




70 


1-00 


•99 


•97 


•96 


1-12 


1-09 


1*05 


1-01 


4-0 


50 


-98 


•97 


•95 


•95 


1^06 


1-04 


rOl 


100 




30 


-97 


•96 


•94 


•94 


ro3 


1-01 


•99 


•98 




70 


102 


•99 


•98 


•97 


114 


111 


108 


106 


50 


50 


I -00 


•98 


•97 


•96 


1-08 


106 


103 


102 




30 


-98 


-96 


•95 


-95 


1*05 


102 


101 


•99 
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TABLE 13 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 2 

( Clause 6-4 ) 





Effec- 
tive 
Criling 
Reflec- 
tion 
Facto K 
Pkhcknt 


Reflection Factor op Floor 
10 Percent 


Reflection Factor of Floor 
30 Percent 


Room 
Index 


Reflection Factor of Wall 
50% 30% 10% 


1 Reflection Factor of Wail 
1 50% 30% 10% 




Lower Flux Utilance 


0-6 


70 
50 
30 


•56 
•56 
■56 


•51 -47 
-51 -47 
-50 -47 


•46 
•45 
•45 


•57 ^52 47 ^46 
•57 ^52 -47 -45 
•57 -51 -47 -45 


0-8 


70 
50 
30 


•67 
•66 
•65 


•62 57 
.61 -57 

•61 -57 


•55 
•55 
•55 


•70 -63 '58 -55 
•68 -62 ^57 ^55 
•66 -61 -57 -55 


iO 


70 
50 
30 


•74 
•73 
•72 


•70 -65 
•69 -65 
•68 -65 


•64 
•64 
•63 


•78 ^72 ^66 •eS 
•76 -71 ^66 -64 
•74 69 -65 -63 


125 


70 
50 
30 


•80 
•79 
•78 


•75 -71 
•74 -71 
-74 -70 


•70 
•70 
•69 


•85 -78 73 -71 
•83 ^77 -72 ^70 
•81 ^76 ^71 ^69 


1-5 


70 
50 
30 


85 
•84 
•83 


•81 77 
•80 -76 
•79 ^76 


•76 
•75 
•74 


•91 -85 -79 ^77 
•89 -83 -78 76 
•87 -81 77 ^74 


?0 


70 
50 
30 


•91 
•89 
•88 


•87 ^83 
•85 83 
•84 -82 


•81 
•81 
•81 


•99 -92 87 ^84 
•95 ^89 -85 -83 
•93 '87 -83 -82 


2-5 


70 
50 
30 


■93 
•92 
•91 


•90 87 
-88 86 
•87 -85 


•85 
•85 
•84 


1-02 97 -92 -89 
-98 ^93 89 -87 
•95 ^89 -87 m 


30 


70 
50 
30 


•96 
•94 
•93 


•93 -90 
91 -89 
•90 88 


•89 
•88 
•88 


1-06 1-00 -97 -94 

1-01 -97 -94 -92 

•98 -94 -91 -90 


4-0 


70 
50 
30 


•98 
•% 
•95 


•96 -94 
•94 -92 
•93 -91 


'93 
•92 
•91 


MO 1-06 1^02 -98 
P04 I^Ol ^98 -97 
1-00 98 -96 -95 


50 


70 
50 
30 


1-01 
-99 
•98 


•98 -96 
•97 95 
•95 -93 


•95 
•94 
•93 


113 MO 106 1-04 
1*07 104 102 bOO 
102 100 -98 -97 
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TABLE 14 LOWER FLUX tTTILANCE FOR CLASSIFICATION BZ 3 

(Clause 6-4) 





Effec- 
tive 
Cbiung 
Rbflkc- 

TION 

Factor 
Pebcknt 


Reflection Factor or Floor 
10 Pbbcfnt 


Rkflectton Factor of 
30 Percent 


Floor 


Room 
Ikdkx 


Reflection Factor of Wall 
50% 30% 10% 


ReflertioTi Factor of Wall 
50% ^0% 10% 




Lower Flux Utilance 


0-6 


70 
50 
30 


'54 -48 -44 
•53 -48 44 
'52 47 -44 


43 
-42 
•42 


•55 -49 ^44 
•54 -49 ^44 
•53 '48 44 


•43 
-42 

'42 


0-8 


70 
50 
30 


•65 -60 '55 
'64 -59 55 
•63 -59 -55 


-53 
•53 
•53 


•67 -61 -56 
•66 ^60 ^55 
•65 -60 -55 


•55 

•53 
•53 


l-O 


70 
50 
30 


•70 -65 -60 
•69 -64 -60 
•68 '63 -60 


•59 
•59 
•58 


•74 -67 -61 
•72 -66 -61 
•70 -65 -60 


60 
•59 
•58 


1-25 


70 
50 
30 


•77 *71 -67 
•76 71 -67 
•75 -70 -67 


•66 
•66 
•65 


•81 '74 -68 
•80 -74 68 
•79 ^73 -67 


•67 
•66 
•65 


1-5 


70 
50 
30 


*81 -76 -72 
•80 -75 -71 
•79 -74 -71 


-71 
•70 
•69 


•87 -80 -74 
•85 '78 -73 
•83 -76 ^72 


•72 
•71 
•70 


2-0 


70 
50 
30 


•88 83 79 
•86 82 -79 
'85 -80 '78 


•77 
•77 
•77 


•96 -88 '83 
-92 -86 '81 
•89 ^84 -79 


•80 
•79 
•78 


2-5 


70 
50 
30 


-91 -87 -84 
•90 -86 '83 
•89 -85 -82 


•82 
•82 
■81 


I'OO 94 -89 
•% -91 ^86 
•92 -88 -83 


•86 
•85 
-83 


30 


70 
50 
30 


•94 -90 -87 
•92 '89 '86 
•90 87 ^85 


•85 

•85 
'84 


104 -96 -93 
•98 -94 -90 
•95 -91 -87 


•90 
•89 
•86 


4<> 


70 
50 
30 


•97 -95 -92 
^5 '93 -90 
•93 -91 '89 


•90 
'90 
•89 


1-09 105 1-00 

1'03 100 -96 

•98 ^95 '93 


•95 
-95 
•92 


5-0 


70 
50 
30 


-99 -96 '94 
•97 '95 -93 
■95 -93 '91 


•93 

•92 
•91 


Ml 1-08 104 
105 1^02 -99 
l-Ol ^97 -95 


1-02 
•98 
•94 
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TABLE 15 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 4 

( Clause 6*4 ) 





Effec- 
tive 
Ceiling 
Reflec- 
tion 
Factor 
Percknt 


Reflection Factor of Floor 
10 Percent 


Reflection Factor of 
30 Percent 


Floor 


Room 
Index 


Reflection Factor of Wall 
50% 30% 10% 


Reflection Factor of Wall 
50% 30% 10% 




Lower Flux Utilance 


0-6 


70 
50 

30 


•48 -42 -38 
•47 -42 -38 
•47 -41 -38 


■37 
•36 
•36 


•49 43 ^38 
•48 -43 ^38 
-48 -42 ^38 


•37 
•36 
•36 


0-8 


70 

50 
30 


•60 -54 -49 
•59 -53 -49 
•59 -53 ^49 


•47 
•47 
•47 


•62 -55 -50 
•61 ^54 ^49 
•60 -54 -49 


•49 

•47 
•47 


I'O 


70 
50 
30 


•66 -60 ^54 
•65 -59 -54 
-64 -58 -54 


•53 
•53 
•52 


•69 ^61 ^55 
•67 •eo -55 
'65 -59 -54 


•54 
•53 
•52 


1-25 


70 
50 
30 


•72 -65 -61 
•70 -65 -60 
■69 -64 -60 


•59 
•59 
•58 


•76 68 -62 
•73 ^67 ^61 
•70 ^65 -61 


•60 
•59 
•58 


1-5 


70 
50 
30 


•77 -71 *66 
•75 -70 -66 
•74 -69 -65 


■65 
•64 
•63 


•82 -75 -68 
•79 ^73 ^67 
•76 71 -66 


•66 
-65 
•64 


2-0 


70 
50 
30 


•84 -78 ^73 
•81 ^77 -73 
•79 -75 -72 


•72 
-71 
•70 


•91 -84 ^77 
-87 -80 ^75 
•82 -77 -73 


•75 

•73 
•71 


2-5 


70 
50 
30 


•89 ^83 -79 
■86 ^82 -78 
•84 -81 ^77 


•77 
•77 
•76 


•97 ^89 •SS 
•92 -86 -81 
•87 83 -79 


•80 
•80 
•78 


3-0 


70 
50 
30 


•90 •se -82 

•88 ^84 •SI 
•86 -83 -80 


•80 
•80 
•79 


100 92 -88 
•94 -89 -85 
•89 -86 ^84 


•85 
•84 
•83 


4-0 


70 
50 
30 


■94 -91 -87 
-91 -89 -86 
89 87 -85 


85 

•85 
•84 


105 100 94 
•99 95 -91 
•92 90 88 


•90 
•89 
•87 


50 


70 
50 
30 


•97 93 -90 
•95 -92 89 
•93 -90 88 


•89 
•88 

•87 


1^09 1*04 100 

103 -99 95 

•97 -94 91 


•98 
-.93 
•90 
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TABLE 16 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 5 

( Clause 6.4 ) 





Effec- 
tive 
Geilino 
Reflec- 
tion 
Factor 
Pebcent 


Reflection Factor of Floor 
10 Percent 


Reflection Factor op 
30 Percent 


Floor 


Room 
Index 


Reflection Factor of Wall 
50% 30% 10% 


Reflection Factor of Wall 
50% 30% 10% 




Lower Flux Utilance 


0-6 


70 
50 
30 


•43 •Se ^32 
•42 -36 -32 
•41 -36 -32 


•31 
•30 
•30 


•44 -37 -32 
•43 '36 -32 
'42 36 -32 


•31 

-:^o 

•30 


0-8 


70 
50 
30 


•56 -49 ^44 
•55 -49 -44 
•54 -48 -44 


■43 
•42 
-42 


•58 -50 -45 
-57 -50 -44 
-56 -49 -44 


•44 
•42 
•42 


10 


70 
50 
30 


•64 ^58 *52 
•63 ^57 -52 
•62 -56 -52 


•51 

•51 
•50 


•67 -59 •dS 
•65 -58 ^53 
•63 -57 -52 


•52 
•51 
-51 


1-25 


70 
50 
30 


•70 -63 ^58 
•68 -63 ^58 
•66 *62 -57 


•56 
•56 
•55 


•74 -66 59 
•71 -65 -59 
•68 -64 -58 


•57 
•56 
•55 


1-5 


70 
50 
30 


•74 -67 ^62 
•72 •ee -62 
•70 -65 -61 


•61 
•60 
•59 


•79 '1\ -64 
•76 *69 -63 
•73 ^67 -62 


•63 

•61 
•60 


2-0 


70 
50 
30 


-81 -74 -69 
•78 -73 ^69 
•76 -72 *68 


•68 

•67 
•66 


•88 -79 ^73 
•84 -76 -71 
•80 74 -69 


70 
•69 
•67 


2-5 


70 
50 
30 


•85 -79 -74 
•82 -77 -73 
•80 76 -72 


•72 
•72 
'71 


-92 85 -78 
•88 -81 -76 
•84 -77 -74 


•75 
•75 
^73 


3-0 


70 
50 
30 


•89 84 -80 
•87 ^82 -79 
■85 -81 -78 


•78 
•77 
•76 


•98 -90 -85 
•92 86 ^82 
•90 -82 -79 


•82 
•80 
-78 


4^0 


70 
50 
30 


•93 -89 85 
•90 -87 84 
•88 -85 -83 


•83 
•83 

•82 


1-04 -98 -92 
•98 93 -89 
•92 *87 -85 


•88 
•87 
•84 


50 


70 
50 
30 


•95 -91 88 
•93 90 87 
•91 -88 -86 


•86 
•86 
•85 


1-07 1-01 -97 

1-01 ^97 -93 

•95 90 88 


■95 
•91 
•87 
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TABLE 17 LOWER FLUX VTILANCE FOR CLASSIFICATION BZ 6 

( Clause 6.4 ) 



Room 
Imdkx 



Effec- 
tive 

G RILING 

Reflec- 
tion 
Factor 

PkKC15NT 



Rkflf.ction Factor of Floor 
10 Percent 



Reflection Factor of Floor 
30 Percent 



Reflection Factor of Wall 
50% 30% 10% 



Reflection Factor of Wall 
50<% 30% 10% 



Lower Flux Utilance 





70 


•38 


■31 


•26 


•25 


•39 


•32 


•26 


•25 


0-6 


50 


■37 


•31 


•26 


•24 


•38 


•31 


•26 


•24 




30 


■36 


•30 


•26 


•24 


•37 


•30 


•26 


•24 




70 


•48 


•41 


•35 


•34 


•50 


•42 


•36 


•35 


0-8 


50 


■47 


•41 


•35 


•33 


•48 


•42 


•35 


•33 




30 


•46 


•40 


•35 


•33 


•47 


•41 


■35 


•33 




70 


•55 


•48 


•42 


•40 


•58 


•49 


•42 


•40 


1-0 


50 


•54 


•47 


■42 


•40 


•56 


•48 


•42 


•40 




30 


•53 


•46 


•41 


■39 


•54 


•47 


•41 


•39 




70 


•61 


•53 


■47 


•45 


•64 


•55 


•48 


•46 


1-25 


50 


•58 


■52 


-47 


'45 


•61 


-54 


•47 


•45 




30 


•57 


•52 


■46 


■44 


•58 


•53 


•46 


•44 




70 


■67 


•59 


•53 


■51 


•72 


•62 


•55 


•52 


1-5 


50 


•65 


•58 


•53 


•51 


•69 


•60 


•54 


'51 




30 


■63 


•57 


•52 


■50 


•65 


•58 


•53 


•50 




70 


•73 


•64 


•60 


•58 


•80 


•69 


•63 


•59 


20 


50 


•71 


•64 


•59 


•57 


•76 


•67 


•61 


•58 




30 


•69 


•63 


•58 


•56 


'72 


•65 


•59 


•57 



2-5 



70 
50 
30 



•78 

•76 
•72 



•71 
•70 
•68 



•65 
-65 
•64 



'63 
•62 
•62 



•85 
•81 
•76 



•76 
•73 

•70 



•69 

•67 
•65 



•65 
•64 
•63 





70 


•82 


•75 


•70 


•68 


•89 


•79 


•73 


•71 


3-0 


50 


•79 


•74 


-69 


•67 


•84 


-78 


■72 


•70 




30 


•76 


•72 


•68 


•66 


•80 


•76 


•71 


•68 




70 


-87 


•81 


•76 


•74 


•97 


•89 


-83 


'78 


4-0 


50 


•84 


•79 


•75 


•73 


•92 


'85 


•79 


•77 




30 


•81 


•77 


•74 


•72 


•86 


•81 


•76 


•75 




70 


•90 


•85 


•81 


•78 


I 02 


•97 


'91 


•87 


5^0 


50 


•88 


•83 


•79 


•78 


•96 


•91 


•85 


•83 




30 


-86 


•81 


•77 


•77 


'91 


'85 


-80 


•79 
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TABLE 18 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 7 

{ Clause eA) 





Effec- 
tive 
Ceiling 
Reflec* 

TION 

Factor 
Pf>rcent 


Reflection Factor of Floor 
10 Percent 


Reflection Factor of Floor 
30 Percent 


Room 
Index 

(Ar) 


Reflection Factor of Wall 
50% 30% 10% 


Reflection Factor of Wall 
50% 30% 10% 







Lower Flux Utilance 


0-6 


70 
50 
30 


•34 -27 -22 
•33 -27 -22 
•32 -26 -22 


•21 ^35 -28 -22 
•20 -34 -27 -22 
•20 ^33 ^27 -22 


•21 
■20 
•20 


0-8 


70 
50 
30 


•43 -35 ^29 
•42 -35 -29 
■41 -34 -29 


•28 
•27 
•27 


•45 -36 -30 
■43 -36 -29 
•42 -35 -29 


•29 

•27 
•27 


i-0 


70 
50 
30 


•50 -42 *36 
•49 -41 -36 
•48 *41 -35 


•34 
•34 
•33 


■52 -43 36 
■51 ^42 -36 
-50 -42 -35 


•34 
•34 
•33 


1-25 


70 
50 
30 


•57 -49 -42 
•55 -47 -42 
•54 -47 -41 


•40 
•40 
•39 


-m '5\ -43 
•5a -49 -42 
•5(i *48 -42 


•40 
•40 
•39 


1-5 


70 
50 
30 


•62 -53 ^46 
•59 -52 -46 
•57 -51 -46 


•44 
•44 
•43 


•66 •Se ^48 
•62 -54 ^47 

•60 •sa -47 


■45 
•44 
•44 


2-0 


70 
50 
30 


■69 *60 -54 
•66 *59 -53 
•64 -58 -52 


•52 
•51 
•50 


•74 -64 -56 
•70 ^62 ^55 
•67 ^60 -53 


■52 
•52 
■51 


2-5 


70 
50 
30 


•74 *66 *60 
•71 -65 -59 
•69 -63 -58 


•57 
•56 
•56 


•81 •71 -64 
•76 -68 -61 
•72 ^65 -59 


•59 
•58 
•57 


3-0 


70 
50 
30 


•77 -70 *64 
■75 ^69 ^63 
■73 -67 *62 


•62 
•60 
•60 


•85 -74 -68 
•80 ^73 -66 
•76 ^71 ^64 


•64 
•63 
•62 


4-0 


70 
50 
30 


-83 ^76 -70 
•80 *74 -69 
•78 -72 -68 


•68 

-67 
'66 


•93 -84 -76 
'86 -78 ^73 
•81 -74 ^70 


-72 
-70 
•68 


5*0 


70 
50 
30 


•86 -80 *75 
•83 -78 -73 
•81 -76 ^72 


•72 
•71 
•70 


•96 ^89 -82 
-90 -84 -78 
•85 '79 -74 


•79 
•75 
•72 
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TABLE 19 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 8 

( Clause 6.4 ) 





i 

; Effrc- 

\ TtVE 

i Ceiling 
Rkflec- 

rroN 
Factor 

PRRCRNT 


Reft.ection Factor of Floor 
10 Percent 


Reflection Factor of 
30 Percent 


Floor 


Room 
Index 


Reflection Factor of Wall 
50% 30% 10% 


Reflection Factor of Wall 
50% 30% 10% 




Lower Flux Utilance 


0-6 


70 
50 
30 


•31 -24 -19 -18 
■30 -24 -19 -17 
-29 -23 -19 -17 


•32 ^25 -19 
•31 -24 -19 
•30 ^23 -19 


•18 

•17 
•17 


0*8 


70 
50 
30 


-41 -33 -26 -25 

•40 -32 -26 -24 
•39 -32 -26 -24 


•43 -34 -27 
•41 ^33 "26 
•40 -33 ^26 


•26 
■24 

•24 


1-0 


70 
50 
30 


•49 -40 '34 ^32 
•47 ^39 -34 -32 
•46 -39 ^33 -31 


"b\ ^41 -34 
•49 -40 -34 
•47 -40 ^33 


•32 

•32 
•31 


1-25 


70 
50 
30 


•54 -45 •SB -37 
•52 -44 ^38 -36 
•50 -43 -37 -35 


•57 -47 -39 
•54 ^46 *38 
•51 ^44 -37 


•38 
•36 
'35 


1-5 


70 
50 
30 


•59 -49 -42 -40 
■56 -48 -42 ^40 
•53 -47 -42 ^39 


•63 -52 -44 
•59 -50 -43 
•55 -48 -42 


•41 
•40 
•39 


2-0 


70 
50 
30 


•66 -56 -50 -48 
■63 -55 -49 -47 
-m ^54 -48 -46 


•71 -60 -52 
•67 -58 ■SI 
•63 -56 ^49 


•48 
•48 
•47 


2-5 


70 
50 
3{J 


•71 ^63 -56 -53 ! "77 -67 -59 
■68 -61 '55 '52 | '72 '64 *57 
•65 -59 -54 -52 ^67 -61 -55 


•54 
•33 
•53 


3-0 


70 
50 
30 


■75 -67 •&! -59 "83 -71 '65 
•72 -65 -60 ^57 -77 -69 '63 
•69 -63 ^59 -57 -71 -65 ^61 


'6i 
•60 
•59 


4-0 


70 
50 

30 


•80 ^74 *67 -65 
•77 ^72 -66 -64 
•74 -70 ^65 -63 


•89 •ai -73 
•83 -76 -70 

•77 *72 -67 


•68 

•67 
•66 


5-0 


70 
50 
30 


•83 -77 -71 -68 
"80 -75 -69 -67 
■77 -73 -68 -66 


■93 -85 77 
•87 -80 ^74 
•82 -75 -71 


•73 
•70 
•68 
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TABLE 20 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 9 

( Clause 6.4 ) 







Reflection Factor of Floor 


Reflection Factor of 


Floor 




Effec- 


10 Percent 




30 Percent 






tive 

CETtlNO 

Reflec- 
tion 
Factor 










Room 
Index 


Reflection Factor of Wall 
50% 300/^ 10% 


Reflection Factor of Wall 
50o/„ 30% 10% 












Percent 


Lower Flux UHlance 






70 


•28 


21 -15 


•13 


•28 ^21 -15 


•13 


0-6 


50 


•27 


•21 -15 


•13 


•28 


•21 


•15 


•13 




30 


•26 


'20 -15 


•13 


•27 


•20 


•15 


•14 




70 


•37 


•29 ^22 


•21 


•39 


30 


23 


•22 


0-8 


50 


•36 


28 -22 


•20 


•37 


29 


22 


•20 




30 


•35 


28 -22 


•20 


•36 


28 


22 


•20 




70 


•44 


35 -29 


•27 


•46 


36 


29 


•27 


1-0 


50 


•43 


34 -29 


•27 


•45 


35 


•29 


•27 




30 


•42 


34 -28 


•26 


•43 


35 


28 


•26 




70 


•50 


41 -34 


•32 


•53 


43 


35 


•32 


1-25 


50 


•48 


39 '34 


•32 


•50 


41 


34 


•32 




30 


•46 


39 -33 


•31 


•47 


40 


34 


•31 




70 


•55 


45 -38 


36 


•59 


47 


39 


•36 


1-5 


50 


•52 


44 -37 


•35 


•54 


46 


38 


•35 




30 


•50 


43 -37 


34 


•51 


44 


38 


•34 




70 


•61 


51 -44 


•42 


•66 


55 


46 


•42 


2-0 


50 


•58 


50 -43 


•41 


•62 


52 


45 


•41 




30 


•56 


49 -43 


•40 


•58 


50 


44 


•41 




70 


•67 


58 *51 


•48 


•73 


62 


54 


•49 


2-5 


50 


•64 


56 •SO 


•47 


•68 


•59 


52 


•48 




30 


•62 


•54 -49 


•47 


•64 


•56 


•50 


•48 




70 


•72 


63 •se 


•53 


•79 


•67 


'59 


•55 


3-0 


50 


•69 


61 ^55 


•52 


•73 


65 


58 


•54 




30 


•66 


59 -54 


•52 


•68 


62 ^56 


•53 




70 


•77 


69 -62 


•60 


■86 


76 68 


•63 


4-0 


50 


-74 


67 -61 


•59 


•80 


71 -65 


•62 




30 


•71 


65 -60 


•58 


•74 ^68 -62 


•60 




70 


•80 


•73 ^67 


•64 


•90 •SI -73 


•68 


50 


50 


•77 


71 ^65 


•63 


•84 -76 -70 


•66 




30 


•76 ^69 ^64 


62 


•78 -72 -67 


•64 
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TABLE 21 LOWER FLUX UTILANCE FOR CLASSIFICATION BZ 10 

{Clause 6-4) 





Effec- 
tive 
Ceiling 
Reflec- 
tion 
Faotok 
Pekoe NT 


Reflection Factok of Floor Reflection Factor of 
10 Percent 30 Percent 


Floor 


Room 
Index 

{k^\ 


Refle 
50% 


ction Factor of Wall 

30% 10% 


Reflection Factor of Wall 
50% 30% 10% 




Lower Flux Utilance 


0-6 


70 
50 
30 


■23 
•22 
•21 


•16 •lO -08 
•16 -10 *08 
•15 •lO -08 


•23 -16 •lO 
•23 •le •lO 
•22 *15 •lO 


•08 
•08 
•08 


0-8 


70 
50 
30 


•33 

*32 
■31 


•24 •n -16 
•24 -17 ■15 
•23 •!? ^15 


•35 ^25 •IS 
•33 ^25 -17 
•32 ^24 17 


•17 
•15 
•15 


1*0 


70 
50 
30 


•39 
•38 

•37 


■30 ^23 ^22 
•29 -23 -21 
•28 -22 -20 


•41 •SI -23 
-39 •SO -23 
•38 ^29 ^22 


•22 
•21 • 
•20 


V-25 


70 
50 
30 


•46 
•44 

■42 


•36 ^28 -27 
■35 -28 ^26 
•34 -28 -25 


•49 -38 *29 
•46 •Se ^28 
-43 -35 ^28 


•27 
•26 
•25 


1-5 


70 
50 
30 


•51 
-49 
■47 


-41 -34 -32 
•40 -33 ^31 
•39 -33 ^30 


-55 ^43 •SS 
•51 ^42 -34 
-48 -40 -34 


•32 
•31 
•31 


2-0 


70 
50 
30 


•57 
•54 
•52 


•47 ^40 -38 
•46 ^39 -37 
•45 ^39 -36 


•62 ^51 -42 
•58 -48 -41 
•53 -45 -40 


•38 

•37 
•37 


2-5 


70 
50 
30 


•64 
•61 
•59 


•55 -47 ^44 
•53 ^46 ^43 
•51 -45 -42 


•70 -59 -49 
•65 ^56 -48 
•60 54 45 


•44 
•44 
•43 


3-0 


70 
50 
30 


•69 
•66 

•64 


•59 -52 -50 
•57 -51 ^48 
•55 •SO -48 


•76 -63 ^53 
•70 ^61 -54 
-66 -57 -52 


•52 

•50 
•49 


4-0 


70 
50 

30 

70 
50 
30 


■74 
•71 
•68 

•78 
■75 
•73 


•67 *59 -57 
•65 -58 -55 
•63 -57 -bb 

•71 -65 -62 
-69 ^63 -61 
•67 ^62 -60 


•81 ^74 -64 
■76 -69 -61 
■71 65 -59 


•59 
•58 
•57 


5-0 


•88 -79 ^71 
•82 -74 •eS 
■76 69 -65 


•66 
•64 
•62 
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SECTION 2 CLASSIFICATION OF LIGHT DISTRIBUTIONS 
8. THE BZ CLASSIFICATION 

8.0 The objects of the British Zonal Classification are to define the down- 
ward light distribution characteristics of lighting fittings, to simplify the 
calculations of coefficients of utilization for installations of fittings for which 
the classification is known and to facilitate the initial stages of lighting 
design by enabling a realistic estimate of the coefficient to be made before 
the final selection of fittings. 

8.1 Basis of BZ Classification — The method of classification is based 
on the fact that, in any given interior, the direct ratio of the fittings 
determines the lower flux utilance. The downward light utilization 
characteristics of lighting fittings can, therefore, be expressed by the relation 
between their direct ratio and the geometry of the interior and of the 
installation layout, that is, the room index. Thus, for any particular 
fitting, a curve that can be drawn relating direct ratio to room index is 
also characteristic of the downward lighting performance. It is thus 
possible to evolve a system of classification by producing curves of direct 
ratio against room index for a range of basic polar distributions and 
allotting a code number (the BZ number) to each curve. An actual 
fitting can then be classified by the code number of the direct ratio curve 
with which its own curve most clearly coincides. 

Fig. 3 shows the ten basic polar distributions selected. They are each 
mathematically derived so as to be.simply and accurately reproducible and 
they cover the range of beam spreads, from narrowest to widest, likely to 
be met in practice. For the purpose of classification, each distribution is 
associated with a spacing or height ratio which is related to the dispersive 
angle and which was adopted in accordance with the values generally 
given in manufacturers' recommendations. 

Fig. 4 shows the family of reference direct ratio curves corresponding 
to the ten basic polar curves, calculated by the zonal multipliers given in 
Table 6. Table 6 gives the figures from which Fig. 4 was drawn, 

8-2 Procedure for Classification — In order to classify a fitting, the 
direct ratio is computed for the full range of room indices as has been 
done in 6.1. These values are then either compared directly with the 
reference values given in Table 22 or preferably by plotting the direct ratio 
curve on the same sheet as the reference curves (Fig. 4), The fitting is 
then given the BZ number of the nearest set of values or the nearest curve. 

As an example of the latter method, the direct ratio curve of the 
fitting used in 6.1, as illustrated in Fig. 2 and Table 10 is shown in Fig. 5 
plotted with the ten BZ reference curves. It will be seen that the curve is 
closest to BZ 5 up to a room index of 1 '5 and is closest to BZ 4 at higher 
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TABLE 22 DIRECT ?4TIOS FOR BZ GLASSIHGATIONS 

( Chruse 8.2 } 
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0-8 


10 


1-25 
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4-0 


50 


B2 ! 


1: 1 


•528 


•625 


•696 


•742 


•786 


•835 


•866 


•890 


•915 


•929 


BZ 2 


1 


1 


•453 


•554 


•630 


•690 


•737 


•795 


•831 


•858 


'892 


•907 


BZ 3 


1-25 


1 


•430 


•530 


•590 


•646 


•687 


•758 


•803 


•832 


■869 


•892 


BZ 4 


1-25 


1 


•380 


•467 


•532 


•582 


•630 


•701 


•750 


•781 


•824 


•852 


BZ 5 


1-5 


1 


•313 


•411 


•490 


•548 


•595 


•663 


•713 


•750 


•796 


•833 


BZ 6 


1-5 :1 


•244 


•327 


•391 


•444 


•494 


•560 


•612 


•654 


•708 


•742 


BZ 7 


1-5 


1 


•202 


•271 


•326 


•380 


•432 


•497 


•552 


•594 


•652 


•692 


BZ 8 


1-5 
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•174 


•240 


•296 


•351 


•395 


•456 


•510 


•557 


•613 


•657 


BZ 9 


1*5 


: I 


•135 


•191 


•250 


•300 


•347 


•415 


•472 


•520 


•581 


^625 


BZ iO 


i-5 


:i 


•085 


•140 


•193 


^245 


'291 


•361 


'421 


472 


•540 


585 



room indices. It will frequently be the case that actual polar distributions 
will cause the direct ratio curve of a fitting to cross one of the BZ reference 
curves, but it is unusual for the curve to wander among them. 

The fitting can then be given a stepped classification related to room 
index and the example in Fig. 5 is classified: 

BZ 5 for RI up to 1-5 

BZ 4 for RI greater than 1*5 

The shorthand form of this classification is:BZ 5/l*5/BZ 4. 

Cases may arise where the fitting direct ratio curve is too erratic for 
simple comparison with the BZ reference curves and in such cases no 
attempt should be made to apply a BZ number. 

SECTION 3 CALCULATION FOR CLASSIFIED DISTRIBUTIONS 

9, THE BZ CLASSIFIED METHOD 

9,0 The British Zonal Classification of a fitting determines its direct ratio 
for any given value of the room index. As already indicated, the lower 
flux utilance in any given interior is determined in turn by the direct ratio 
of the fittings and it follows that the lower flux utilance can be calculated 
and tabulated for each BZ class for a wide range of values of the room index 
and of the reflection factors of ceiling, walls, and floor. This has been 
done in Tables 12 to 21. The upper flux utilance is handled in the same 
way as in the Section 1 and the data are repeated in Table 19 for 
convenience. 
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Fig. 4 BZ Classification Reference Curves 
( see also Table 6 ) 



9.1 Calculation of Coefficients of Utilization for BZ Classified 
Fittings — It may be expected that the BZ Classification and the down- 
ward and upward light output ratios of a lighting fittings are available firom 
the manufacturer. Alternatively, these data may be obtained from an 
average polar curve by the methods already described. 

The procedure for calculating the coeflScient of utilization is then as 
follows: 

a) Calculate the room index for the particular interior (3.3); 

b) Calculate the effective reflection factor of the equivalent ceiling 

(/?^) for suspended fittings (3.5«1); 
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Fir.. 5 Example Showing the BZ Classification 
OF THE Polar Curve Given in Fig. 2 

c) Read the lower flux utilance from the appropriate section of 
Tables 9 to 18 using the actual reflection factor of the ceiling for 
ceiling-mounted fittings and the equivalent reflection factor ( /?e ) 
for suspended fittings; 

d) Multiply the lower flux utilance by the downward light output 
ratio of the fitting to give the downward coefficient; 

e) Read the upper flux utilance from Table 22 using the actual 
reflection factor of the ceiling for ceiling-mounted fittings and the 
equivalent reflection factor ( R^ ) for suspended fittings; 

f ) Multiply the upper flux utilance by the upward light output ratio 
of the fitting to give the upward coefficient; and 

g) Add the downward and upward coefficients to give the coefficient 
of utilization. 
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9.2 Accuracy of the BZ Classified Method —Tables 12 to 21 are 
derived with no loss of accuracy from Tables 1 to 4 and the only source of 
error additional to that of the full method is that due to the method of 
classification. Reference to Fig. 4 shows that the maximum interval 
between BZ curves, expressed as a percentage of the lower value, occurs 
with curves BZ 9 and 10 at RI = 0*6, the interval here being approximately 
50 percent of the value of the direct ratio for BZ 10. This leads to a 25 
percent error in direct ratio at this point if the fitting direct ratio is midway 
between the values for BZ 9 and BZ 10. The corresponding calculation 
error in lower flux utilance is considerably less than this due to the 
compensating effect of inter-reflection. 

A comparison between the lower flux utilance tables for consecutive 
BZ Classifications shows that the maximum error in any practical case due 
to the method of classification is unlikely to exceed 10 percent and the error 
in norm.al lighting practice is unlikely to exceed 5 percent. In view of 
this relatively high order of accuracy, the BZ Classified Method and data 
can be used with confidence not only for making preliminary estimates of 
the coefficient of utilization but also for its final determination when data 
derived from the full procedure are not available. 

10. TABULATED DATA FOR THE BZ CLASSIFIED METHOD 

10-1 The data in Tables 9 to 19 apply to ceiling-mounted fittings when the 
actual average reflection factor of the ceiling should be used, and to 
suspended fittings when the effective reflection factor of the ceiling cavity 
should be used. 

Tables 12 to 21 Lower Flux Utilance 

To be used for computing the total flux on the working plane from 
the lower hemisphere, based on the BZ Classification. 

Each table gives data for ranges of the room index, of the effective 
reflection factor of ceiling, of the reflection factor of walls and for 10 
percent and 30 percent effective refl.ection factor of the working plane. 

Table 8 Upper Flux Utilance 

To be used for computing the total flux on the working plane from 
the upper hemisphere. 

11. EXAMPLES OF THE USE OF THE BZ CLASSIFIED METHOD 

11,1 The coefficient of utilization is required for an installation of 
suspended fittings described by the following data: 

Room size 15*2 x 9-14 x 3-05 m high 

Working plane 0*84 m above floor 
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Reflection factors: 

Ceiling 70 percent 

Walls 30 percent (effective value after allowing 

for windows, furnishings, etc ) 

Working plane 30 percent 

Suspension length 0*38 m below ceiling 

Photometric data ( pro- 
vided by manufac- 
turers ) 

Classification BZ 6 

Downward L.O.R. 40 percent 

Upward L.O.R. 30 percent 

The calculation is as follows: 

Mounting height ( //m ) == 3-05 ra - 0*84 m - 0*38 m = 1*83 m 

Tj A fu ^ 1^*2 x 9'14 „ , 

Room mdex (kr) = _— ^ +^7T4yF83~ ^ ^ ^ 

^ M- . . J // N 3-1 X 1*83 -. 

Ceihng cavity mdex (kr) = tt^^q = 1 ^ 

Average reflection factor of the surfaces within the ceiling 
keRr-h2R^ 15 X 0-70 + 2 X 0-3 ^. 

^^^^*y - k.+2 ^ -T5T2 = ^^ P"^'""' 

Effective reflection factor of ceiling cavity 

( interpolating in Table 9 ) 62 percent 

Lower flux utilance ( interpolating in 
Table 14) 

Downward coeflftcient 
Upper flux utilance ( interpolating in 
Table 23) 

Upward coefficient 
Coefficient of utilization 

If the actual reflection factor of the ceiling (70 percent) had been 
used instead of the effective reflection factor of the ceiling cavity (62 
percent) , the lower flux utilance and upper flux utilance would have 
been 0'80 and 0*62 respectively and the apparent coefficient of utiliza- 
tion would have been 0*51. The need to allow for the effect of 
suspension length is more marked for fittings with a greater proportion 
of upward light. 
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12- THE BZ METHOD AND LIGHTING PRACTICE 

12.0 Although the primary reason for the production of the BZ Method is 
to rationalize the calculation of coefficients of utilization, the method is 
capable of application with equal facility to the determination of average 
luminances in an interior and to the predetermination of discomfort glare, 
which are of increasing importance in lighting design. 

12.1 Calculation of Interior Luminances — Just as the direct ratio 
indicates the light flux directly incident on the working plane from the 
installation, so the value (1 — direct ratio) indicates the flux from the 
installation which is directly incident on the walls between the ceiling 
cavity and the working plane. Data ( 7 ) for the inter-reflected component 
of flux on walls and ceiling are also available and the predetermination of 
average interior luminances is thus practicable at the same time and as 
easily as the coefficient of utilization. 

12.2 Predetermination of Discomfort Glare — Data in Part I of this 
code have enabled discomfort glare indices to be predetermined for any 
general lighting installation on the 'Glare Index Scale'. The reduction of 
the great mass of computed data has been made possible by the adoption 
of the BZ Classification both for calculating the adaptation and luminance 
levels which enter into each computation and for presenting the results in 
a few simple and easily used tables. 

12;3 The BZ Method and the Manufacturer — It will be apparent from 
this part that the British Zonal Method provides a means by which the 
results of a great deal of research and investigation into lighting technology 
can be applied to general lighting practice without calling for elaborate or 
costly calculation procedures. Accurate tables of coefficient of utilization 
can be prepared, with no more photometry or labour than formerly and by 
relatively unskilled staff. On the other hand, the means are provided for 
manufacturers who do not wish to publish such tables to give adequate 
design information for a fitting in the form of the BZ Classification and 
the light output ratios. 

It is fundamental to the successful adoption of the BZ Method that all 
manufacturers of fittings should make freely available the BZ Classification 
and the downward and upward light output ratios of their fittings, whether 
or not they publish tables of coefficients, since these data are required not 
only for calculations of coefficients but also for the Glare Tables [see 
IS : 3646 ( Part I )-1 966* ]. In addition, these data are likely to be of value 
as a convenient basis for luminance data which will undoubtedly become 
generally available in the near future. 



♦Code of practice for interior illumination: Part I Principles for good lighting and 
aspects of design. 
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TABLE 23 UPPER FLUX UTILANCE FOR ALL BZ GLASSIFIGATIONS 

{Clause llA) 





Effec- 
tive 
Ceilikq 
Reflec- 
tion 
Factor 
Percent 


Reflection Factor oi 
10 Percent 


f Floor 


Reflection Factor of 
30 Percent 


Floor 


Room 
Index 


Reflection Factor of Wall 
50% 30% 10% 


Reflection Factor of Wall 
50% 300/ 100/ 




Upper Flux Uklance 


0-6 


70 
50 
30 


•23 *17 -12 
•16 -12 -08 
•09 -07 -05 


•09 

'06 
•04 


•24 n -13 
•17 -13 -09 
•10 ^09 •oe 


•10 
•07 
•05 


0-8 


70 
50 
30 


•31 -24 -20 
•22 -17 -13 
•12 -10 -08 


•17 
•12 

•07 


•32 -25 -20 
•23 -18 -14 
•13 11 -09 


•17 
•12 
•08 


l-O 


70 
50 
30 


•37 '30 -26 
-26 -22 -18 
-14 -12 -10 


•22 
•16 
•09 


•39 -31 ^26 
•27 -23 -19 
•15 14 -12 


•23 
■17 
•11 


1-25 


70 
50 
30 


•43 -37 -31 
•30 -26 -22 
•17 -14 -12 


•28 
•20 
•11 


•46 -38 -32 
•32 -27 -24 
•18 15 13 


•29 
•22 
•12 


1-5 


70 
50 
30 


•47 -41 -36 
•33 -29 -26 
•19 -15 -13 


•33 
•24 
•13 


•51 -43 -38 
•35 -30 -27 
•21 ^17 -15 


•34 
•25 
•14 


2*0 


70 
50 
30 


-53 -48 -44 
•37 -33 -31 
•20 -17 -15 


•41 
•29 
•14 


•58 51 46 
-39 -35 32 
•22 -19 -17 


•43 

•30 
•16 


2-5 


70 
50 
30 


•57 -53 -49 
•40 -37 -34 
•2! -19 •n 


•47 
•33 
•16 


•63 -57 -52 
•42 -39 -36 
•23 •21 -19 


•49 
•34 
•18 


30 


70 
50 
30 


•60 -56 ^52 
•41 -39 -36 
•22 -20 -18 


•50 
•35 

•17 


•67 -61 -56 
•45 -41 -39 
•24 ^23 ^21 


•54 
•37 
•20 


40 


70 
50 
30 


•63 -61 -57 
-44 -42 -39 
•23 -21 -19 


•56 

•38 
•18 


•71 -67 ^62 
•48 -45 -43 
•25 -24 -22 


•60 
•41 
•21 


5-0 


70 
50 
30 


•66 -64 -60 
•45 -43 -42 

•24 -22 -20 


•59 
•41 
•19 


•74 -70 -66 
•49 -47 ^45 
•27 -25 -23 


•65 
•44 
•22 
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